The present study was conducted to assess modulation in morpho-physiological attributes of rice (Oryza sativa L.) cultivars (Bas-385, Bas-2000, Bas-370 and Shaheen) at vegetative stage by phospholipase C (PLC) inhibitor neomycine (control and 100 µM) under salt stress (control, 50, 100 and 150 mM NaCl). Salt stress significantly reduced shoot fresh and dry weights, shoot length, water potential, osmotic potential, net CO 2 assimilation rate (A), transpiration rate (E), stomatal conductance (g s ), non-photochemical quenching (NPQ), coefficient of non-photochemical quenching (q N ) and photochemical quenching (q P ) while increased efficiency of photosystem-II (Fv/Fm), leaf free proline, shoot and root Na . Of all rice cultivars, cv. Bas-2000 performed better in growth, water relation and photosynthetic attributes under saline and non-saline conditions.
Introduction
Various environmental factors adversely affect plant growth and yield of crops (Li et al., 2011) . Of these factors, drought, salt and temperature stress are limiting ones for the growth and productivity (Liu et al., 2011) . Salinity is a big threat for crop production all over the world (Kchaou et al., 2010) . Being an agricultural country, economy of Pakistan mainly depends on agriculture (Ahmad et al., 2013) and salinity induced losses in agricultural sector are very high (Jouyban, 2012) . Salt stress causes reduced crop growth due to a variety of processes like osmotic stress, ion toxicity, ionic imbalance and oxidative stress Shahbaz and Ashraf, 2013) . Growth and yield losses are due to high accumulation of sodium as well as chloride ions under saline environment (Shafi et al., 2010) . Salinization leads to reduced plant growth, chlorophyll contents (Nivas et al., 2011) efficiency of Photosystem II (Saleem et al., 2011) and gas exchange characteristics (Shafi et al., 2011) . Primarily salinization causes water deficit effects (Kausar et al., 2013) that disturb water relations of crop plants (Shafi et al., 2010) . Homeostasis in water relations changes under salt stress condition and leads to the accumulation of ions at both cellular as well as whole plant level and reduces plant growth (Hossain et al., 2011) .
Due to biotic and abiotic stresses, a series of intracellular signals of phospholipase C (PLC) are produced, which acts as precursor of inositol triphosophate (IP 3 ) and diacylglycerol (DAG) (Holdaway-Clarke and Hepler, 2003) . These signals cause the expression of responses such as growth inhibition or cell death (Mahajan et al., 2008) . PLC acts as an enzyme and helps in cell regulation, lipid metabolism (Wang, 2001) as well as release of calcium. Low concentration of PLC reduces the activity of stoma due to abscisic acid (Hunt et al., 2003) . Of two classes of PLCs, Phosphoinositide-specific phospholipase C (PI-PLC) plays a role in guard cell signaling, pathogenic response and carbon fixation in C 4 plants (Coursol et al., 2000) . PI-PLC causes lipid hydrolysis in membranes, phosphatidylinositol-4, 5-bisphosphate to produce IP 3 and DAG that increases the level of cytosolic calcium (Holdaway-Clarke and Hepler, 2003) . However, a PLC inhibitor reduces ABA level and cytosolic Ca 2+ that results in stomatal closure (Mills et al., 2004) . Under abiotic stresses plants accumulate higher level of proline by regulating proline metabolism due to PLC that was evaluated by the application of PI-PLC inhibitors. Inhibition of PLC activity by the use of U-73122 quantified by evaluating the decreased level of IP 3 (Parre et al., 2007) . In addition to U-73122, neomycine has also been reported as an inhibitor of PLC (Hunt et al., 2003) . Neomycin inhibits the increase in guard cells Ca 2+ level and causes closing of stomata (Meijer and Munnik, 2003) .
Of cereal crops, rice (Oryza sativa L.) is considered as an important staple food for most of the world's population (Joseph and Mohanan, 2013) . Rice is sensitive to salt stress (Kapoor, 2011) . It is more commonly grown in any country of Asia where half of the total arable land is under rice cultivation (Jamil et al., 2012) . It has been reported that rice is a salt sensitive crop with optimum salinity of 3-4 dS m -1 (Rao et al., 2013) , however it is moderately tolerant to sodicity (Gopikannan and Ganesh, 2013) .
PLC is a signaling molecule as it plays a key role in plant growth and regulation however, evidence about the role of PLC in rice under saline condition is scarce in literature. We hypothesized that exogenously applied PLCinhibitor (Neomycine) may help to understand the role of PLC in physio-biochemical analysis and mechanism of salt tolerance in rice.
Materials and Methods
An experiment was carried out in net house of Old Botanical Garden, University of Agriculture Faisalabad to study the mechanism of salt tolerance of rice (Oryza sativa L.) by exogenous application of PLC inhibitor: Neomycine. Seeds of four rice (Bas-385, Bas-2000, Bas-370 and Shaheen) cultivars were obtained from Rice Research Institute, Kala Shah Kako, Lahore and were sown in soil filled pots. Transplantation was done after thirty days of germination. Four salinity (control, 50, 100 and 150 mM NaCl) levels were maintained after 21 days of transplantation. After 24 days of transplantation, two levels of neomycine (control i.e., 0 and 100 µM) were applied as foliar spray. The experimentation was laid down in a completely randomized design with four replications. Data for various attributes were determined from the samples after three weeks of treatment application.
Growth Attributes
From each replication two plants were up-rooted carefully, rinsed with distilled water and measured the shoot length. After harvesting, shoot fresh weight of each plant was recorded with electrical balance. The dry weights were recorded after drying them in an oven at 65ºC up to their constant weight.
Photosynthetic Pigments
Following the Arnon (1949) method the chlorophyll pigments (a and b) were determined. Fresh leaf tissue (0.25 g) was crushed and placed in 5 mL 80% acetone solution overnight and then after centrifugation measured the optimal density at 663 and 645 nm with the help of spectrophotometer (IRMECO U2020).
Water Relation Attributes
Third youngest leaf from top was excised to measure water potential (Ψ w ) at 6:30 am to 7:30 am with the help of Scholander type pressure chamber (Arimad-2-Japan) by using the method of Scholander et al. (1964) . Then the same leaf as used for Ψ w , stored below -20˚C. Sap was extracted and used for the measuring osmotic potential (Ψ s ) in a vapor pressure osmometer (Vapro, 5520) . Then leaf turgor potential (Ψ p ) was calculated as the difference between Ψ s and Ψ w values according to Nobel (1991) .
Chlorophyll Fluorescence
For this purpose leaves were kept in dark by using dark adapted clips (half an hour)and then recorded chlorophyll fluorescence attributes with the help of chlorophyll fluorometer (Model, OS5P Opti Sciences, Inc. Winn Avenue Hudson, USA) following the method of Strasser et al. (1995) .
Gas Exchange Attributes
Following gas exchange characteristics were recorded from 10 a.m. to 2.00 p.m by using infrared gas analyzer (Analytical Development Company, Hoddesdon, England). Following the Allen et al. (1986) method the shoot and root (each 0.1 g) were crushed and placed digestion flasks containing 2 mL sulphuric acid for 24 h. The material was heated until the loss of fumes at 250˚C. One mL hydrogen peroxide was poured after cooling to decolorize the material. The extract was diluted up to 50 mL by using distilled water. Impurities were removed by filtration. Then Na + , K + and Ca 2+ ions were determined by flame photometer (Jenway, PFP-7, UK).
Sodium (Na

Free Proline Determination
Fresh leaf tissue (0.5 g) was extracted in 10 mL sulfosalicylic acid (3%) and then filtered using a Whatman paper. In 2 mL of extract, 2 mL acid ninhydrin and 2 mL glacial acetic acid were added before incubation at 100˚C (60 min). After cooling, 4 mL toluene was added, vortexed and measured the optimum density at 520 nm using a spectrophotometer (IRMECO U2020) following Bates et al. (1973) method.
Experimental Design and Statistical Analysis
Analysis of variance of data for all the parameters were calculated using the Co-STAT computer software and means were compared following Snedecor and Cochran (1980) method.
Results
Imposition of various levels of salt stress (control, 50, 100 and 150 mM NaCl) applied through root growing medium significantly (P ≤ 0.001) reduced shoot fresh and dry weights of all four rice cultivars (Bas-385, Bas-2000, Bas-370 and Shaheen). Of varying levels of NaCl, the maximum reduction was observed at 150 mM salinity. However, foliar application of neomycine showed nonsignificant effect on shoot fresh and dry weights of all rice cultivars. Among four rice cultivars, a significant (P ≤ 0.01) variation was observed particularly cv. Bas-2000 performed better under control and saline conditions as compared to others (Table 1 , Fig. 1 ).
Salt stress considerably (P ≤ 0.001) reduced shoot length of all four rice cultivars and maximum reduction was observed at 150 mM salt stress. However, foliar application of neomycine prominently (P ≤ 0.001) enhanced the shoot length in rice cultivars. All cultivars differed significantly (P≤ 0.001) and cv. Bas-370 performed better as compared to all other cultivars (Table 1, Fig. 1 ).
Imposition of salt stress did not affect chlorophyll contents. Foliar applied neomycine was also proved to be non-significant for chlorophyll a and a/b ratio but slightly enhanced (P ≤ 0.05) chlorophyll b. However, all four cultivars of rice showed slightly significant (P ≤ 0.05) variation with respect to chlorophyll a and b contents as cv. Shaheen and Bas-370 had higher values as compared to others under saline conditions (Table 1 , Fig. 1 and 2).
Application of saline stress considerably (P ≤ 0.001) reduced the Ψ w and Ψ s of rice. Foliar application of neomycine also caused a remarkable (P ≤ 0.001) reduction in Ψ w of all four rice cultivars. Effects of salt stress as well as neomycine were inconsistent for Ψ p in all four rice cultivars. A prominent variation was observed in four rice cultivars as cv. Bas-2000 was high in water relation attributes as compared to other rice cultivars under nonsaline and saline conditions (Table 1 , Fig. 2 and 3) .
Data for net CO 2 assimilation rate (A), transpiration rate (E) and stomatal conductance (g s ) revealed that salinization significantly (P ≤ 0.001) reduced A, E, water use efficiency (A/E) and g s of all four rice cultivars. However, foliar application of neomycine showed significant (P ≤ 0.001) effect to ameliorate adverse effects of salt stress by increasing the level of A and E in all rice cultivars. All rice cultivars showed uniform behavior for above mentioned variables (Table1 and 2; Fig. 3 and 4) .
Exogenously applied neomycine and imposition of salt stress caused non-significant effect on sub-stomatal CO 2 concentrations (C i ) and C i /C a ratio also. Response of all four rice cultivars was also uniform with respect to these attributes (Table 2, Fig. 4) .
Salinity stress slightly (P ≤ 0.05) increased efficiency of photosystem-II (Fv/Fm) while did not alter electron transport ratio (ETR) in all four rice cultivars. Foliar application of neomycine showed considerable (P ≤ 0.01) decrease in Fv/Fm and increase in ETR of all rice cultivars under saline stress (Table 2 ; Fig. 4 and 5) .
Salt stress showed significant (P ≤ 0.001) decrease in non-photochemical quenching (NPQ), co-efficient of non-photochemical quenching (q N ) and photochemical quenching (q P ) (P ≤ 0.05) in all rice cultivars. However, foliar application of neomycine showed non-significant effect on these attributes in all rice cultivars. Among four rice cultivars a considerable variation was observed as the cultivar cv. Bas-2000 performed better as compared to others under control and saline conditions (Table 2, Fig. 5 ).
Imposition of salt stress and foliar application of neomycine enhanced leaf free proline in all four rice cultivars. All four cultivars showed significant variation, particularly Bas-370 accumulated more free proline contents under salt stress (Table 2, Fig. 6 ).
Varying levels of salt stress considerably (P ≤ 0.001) increased shoot and root Na + , K + and Ca 2+ in four rice cultivars (Bas-385, Bas-2000, Bas-370 and Shaheen). However foliar application of neomycine showed nonsignificant effect on shoot and root Na + in all rice cultivars. Exogenous application of neomycine was proved to be significant (P ≤ 0.05 and 0.001) for increase in shoot K + but decrease in root K + in four rice cultivars. In case of Ca 2+ accumulation, neomycine only slightly significantly decreased level of shoot Ca 2+ in all rice cultivars. Among four cultivars all show significant (P ≤ 0.001) variation particularly, cv. Bas-385 showed more ion accumulation in control and cv. Shaheen in neomycine treated rice plants (Table 2 ; Fig. 6 and 7) . 
Discussion
Saline stress adversely affects plant growth and production by modulation in physio-biochemical processes like photosynthetic system as well as gas exchange characteristics severely affected by salt stress . In present study, salt stress (0, 50, 100 and 150 mM) reduced the growth of all four rice cultivars. Salinity had an inhibitory effect on all growth attributes of various plants like rice (Shahbaz and Zia, 2011) and wheat (Shahbaz et al., 2008; Kanwal et al., 2011; Ashraf et al., 2012) . The reduced water uptake capacity due to salinity resulted in decreased Ψ w and affects growth of plants (Sabir and Ashraf, 2007) . Exogenous application of neomycine as PLC inhibitor showed non-significant effect on shoot fresh and dry weights while shoot length of all rice cultivars (Bas-385, Bas-2000, Bas-370 and Shaheen) was slightly increased. It has been reported that salt stress inhibits plant growth and development by activating kinase-dependent pathways and increased with increasing concentration of salt stress concentration however, neomycin a phospholipase C inhibitor inhibits this activity by increasing growth characteristics in soybean (Im et al., 2012) .
Salt stress caused photo-oxidation in plants (Lawlor and Tezara, 2009 ) that is highly sensitive for photosynthetic pigments (Carpentier, 1997) . In present study, salt stress showed non-significant effects on chlorophyll contents. Perveen et al. (2010) reported that in wheat salt stress showed non-significant effect on chlorophyll contents. Exogenous application of neomycine did not alter chlorophyll a and a/b ratio, which shows that PLC has no influence on this attribute, while it slightly increased chlorophyll b. In contrast to our findings, it has been reported that PLC increased the accumulation of chlorophyll contents by increasing Ca 2+ level in cytosol (Brini et al., 2007; Mahajan et al., 2008; Munns and Tester, 2008) .
Salinity reduced plant water uptake capacity from the soil (Munns, 2005) . In this experiment, salinity significantly increased leaf Ψ w and Ψ s (-MPa) as well as Ψ p in all rice cultivars. Decrease in Ψ s is due to increased accumulation of organic as well as inorganic solutes to maintain water homeostasis and decreasing Ψ w (Ashraf, 2004) . Same results were observed in some previous findings on various crops like proso millet (Sabir and Ashraf, 2008) , barley (Vysotskaya et al., 2010) and wheat (Ali et al., 2008) in which decreased Ψ w as well as Ψ s caused decrease in plant growth. Exogenous application of neomycine has nonsignificant effect on leaf Ψ s while significantly increased Ψ w and Ψ p . This significant increase in water potential due to neomycine shows that PLC has some role in water relations of rice (Hunt et al., 2003) . It has been reported that PLC clearly play a role in the early signal transduction events associated with water potential and osmoregulation in plants by increasing the level of IP 3 and rise in cytosolic calcium as observed in Arabidopsis (Alexandre et al., 1990; Knight et al., 1997; Drobak and Watkins, 2000) .
In the present study, salinization considerably reduced gas exchange attributes: photosynthetic rate (A), transpiration rate (E) and stomatal conductance (g s ) which is analogous to the findings of different reports e.g., in Brassica spp. (Nazir et al., 2001) and wheat (James et al., 2002) . Growth of plants is directly related to the photosynthesis for example Hichem et al. (2009) suggested that in maize plants photosynthetic rate is associated with growth under saline conditions. Exogenous application of PLC inhibitors targets the role of PLC in photosynthetic system of rice to analyze the salt tolerance. Foliar applied neomycine had significant increasing effect on A and E while decreased g s and A/E level indicating the role of PLC in signaling mechanism due to salt stress.
Quantum yield of PSII in terms of ETR remained unchanged under salt stress while significant effect on Fv/Fm, NPQ, q N and q P was observed in all rice cultivars as reported wheat (Shahbaz and Ashraf, 2007) . To observe the role of PLC in chlorophyll fluorescence attributes the effect of PLC inhibitor neomycine was applied and a slight significant decreasing effect for Fv/Fm and ETR was observed. The non-significant effect of neomycine on all other chlorophyll fluorescence attributes revealed that there is no role of PLC in regulating the mechanism of these PSII attributes.
Of various inorganic solutes such as potassium and calcium participate in osmotic adjustment while Na + caused ion toxicity in plants (Wenxue et al., 2003) . The current findings showed the significant increase in accumulation of Na + in all rice cultivars due to salt stress. Similar findings were obtained in different crops e.g., maize (Zhang et al., 2006) and wheat (James et al., 2011) . Salinity increased Na + accumulation also affects the plant water relation attributes thus decreasing growth as observed in previous studies e.g., in rice (Cha-um et al., 2010) and pearl millet (Hussain et al., 2008) . There is non-significant effect of neomycine on Na + accumulation in shoot and root In this experiment, K + and Ca 2+ accumulation was decreased due to salinity as observed in mungbean plants (Haleem and Mohammed, 2007; Huo et al., 2015) and barley (Othman et al., 2006 ). Reduction in K + level resulted in reduced growth by decreasing osmotic adjustment and turgor maintenance as observed in maize (Karmoker et al., 2008) as well as in rice plants (Sakamoto and Murata, 2001) . Results of this experiment indicated that PLC is involved in K + and Ca 2+ accumulation as observed with the significant effect of exogenous application of neomycine. This effect was not consistent in shoot and root potassium and calcium accumulation. It has been reported that potassium and calcium is an essential nutrient for growth and development of plants. They play important role in plant tissues resistance under salt stress conditions (Kaur and Gupta, 2005) . This level of cytosolic calcium was increased due to PLC by increasing level of IP 3 (Legendre et al., 1993; Staxen et al., 1999) . Neomycine blocks the activity of PLC thereby decreasing the concentration of calcium (Quarmby et al., 1992; Takahashi et al., 2001) .
Proline helps in osmotic adjustment and causes stress tolerance in plants (Hasegawa et al., 2000) . In this experiment, salinity increased level of free proline in all rice cultivars. Higher accumulation of free proline helps in osmotic adjustment by reducing Na + toxicity in saline conditions (Akca and Samsunlu, 2012 ). These results demonstrate similar activities with some previous studies e.g. salt stress resulted in increased contents of free proline in barley (Khosravinejad et al., 2009) and soybean (Krezhova et al., 2009) . In this experiment it has been reported that foliar applied neomycine showed significant increase in proline accumulation in all rice cultivars. These results confirm the role of PLC in accumulation of free proline for salt stress tolerance. In response to salt stress conditions, plants accumulate high contents of proline by regulating proline metabolism due to PLC. In proline accumulation role of PLC was appraised by using PLC inhibitor, which reduces pyrroline-5-carboxylate synthetase transcript and protein as well as proline levels in salt stressed plants. Inhibition of PLC activity by neomycine has been measured by decreased level of IP 3 in Arabidopsis (Parre et al., 2007) .
Conclusion
In conclusion, salt stress applied through root growing medium decreased various morpho-physiological attributes of all four rice cultivars. However, foliar-applied neomycine slightly increased shoot length, gas exchange characteristics, efficiency of photosystem II and leaf free proline contents and decreased accumulation of Ca
2+
. Of all rice cultivars, cv. Bas-2000 performed better in growth, water relation and 
